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Course plan

e Sept 17 (10:00-12:00)

— Gene identification strategies

e Oct 5 (13:00-17:00) SALLE 2019 GENOPODE

— Gene identification strategies Il, Sequence databases and genome
browsers

e Oct 26 (13:00-15:00) SALLE 2019 GENOPODE

— EXxercises
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Prerequisites

@ v |:—3 http ) fewane, ncbi, nlm . nib, govf

File Edt Wiew Favorites Tools Help

& ke [%Fl(}oogle

[%NCBI,.. X I@Human(H... {@Webmail... ]QUNIL’-An... INUNIL BMS.

National Library of Medicine
oMM

National Center for Biotechnology Information

Nalional Institutes of Health

Structure

» What does NCBI do?

Established in 1988 as a national resource for
molecular biology information, NCBI creates
public databases, conducts research in
computational biology, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular
processes affecting human health and
disease. More. ..

An- \-n ,ruduEtlL.n to
NCBI

ivshrerseal) N

RefSeq, TPA and UniProt? click here for a brief
description of the databases and their differences.

Confused about the distinctions between GenBank,

NCBI's dbGaP (datab of Gi ype and Ph ¥p
provides data from Genome Wide Association (GWA)
studies. The resource is intended to help elucidate the
link between genes and disease. For each study, users
have access to detailed information about the
phenotypic variables ed and pre-comp
associations bety subjects’ ph types and
genotypes. Click here to read the press release. To
read more sbout GWA projects, see NCBI's GWA
resource page
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» Assembly Archive

» Clusters of
orthologous groups

¥ Coffee Break,
Genes & Disease,
NCBI Handbook
» Electronic PCR
» Entrez Home

» Entrez Tools

» Gene expression
omnibus (GEQ)

» Human genome
resources

¥ Influenza Virus
Resource

» Map Viewer

¥ dbMHC

¥ Mouse genome
resources
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Suggested readings

s  Human Molecular Genetics, 3rd Edition (2003)
Tom Strachan
Andrew Read

ISBN: 978-0815341826

memees  Bloinformatics: A Practical Guide to the Analysis of
S0/% Genes and Proteins, 3rd Edition (2005)
\7 Andreas D. Baxevanis
% | Francis Ouellette
ISBN: 978-0-471-47878-2

premme  Bioinformatics For Dummies, 2nd Edition (2006)
povuNE  Jean-Michel Claverie

e ™ Cedric Notredame

ISBN: 978-0-470-08985-9
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The basics
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The basics
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The basics
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The basics

GCCCTGCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCACAATTTT
TCAAGCAAGGAAACGGGCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTA
CTGGAACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTGAAGTC
ATCCACAACCACACACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACA
GGTCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCG
TGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTG
GAGTAGGCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGTCAGCGA
GAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCC
TGACAAGGAATTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTGA
CTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGGCCAGCGCGGGCTT
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAARAAAGAACTGCACCTC
TGGAGCGGGTTAGTGGTGGTGGTAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGT
CCAGCGTGGCGGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTTTG
TCTCTGCCAACCCCCACCCATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGC
CAAGCAAATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTCCCGCCTCCGGCCCGGCCT
TTGGGCTCCGCCTTCAGCTCAAGACTTAACTTCCCTCCCAGCTGTCCCAGATGACGCCAT
CTGAAATTTCTTGGAAACACGATCACTTTAACGGAATATTGCTGTTTTGGGGAAGTGTTT
TACAGCTGCTGGGCACGCTGTATTTGCCTTACTTAAGCCCCTGGTAATTGCTGTATTCCG
AAGACATGCTGATGGGAATTACCAGGCGGCGTTGGTCTCTAACTGGAGCCCTCTGTCCCC
ACTAGCCACGCGTCACTGGTTAGCGTGATTGAAACTAAATCGTATGAAAATCCTCTTCTC
TAGTCGCACTAGCCACGTTTCGAGTGCTTAATGTGGCTAGTGGCACCGGTTTGGACAGCA
CAGCTGTAAAATGTTCCCATCCTCACAGTAAGCTGTTACCGTTCCAGGAGATGGGACTGA
ATTAGAATTCAAACAAATTTTCCAGCGCTTCTGAGTTTTACCTCAGTCACATAATAAGGA
ATGCATCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAA
ATTTTTAAGACACGCTGCAACAAAGCAGGTATTGACAAATTTTATATAACTTTATAAATT
ACACCGAGAAAGTGTTTTCTAAAAAATGCTTGCTAAAAACCCAGTACGTCACAGTGTTGC
TTAGAACCATAAACTGTTCCTTATGTGTGTATAAATCCAGTTAACAACATAATCATCGTT
TGCAGGTTAACCACATGAT. TATAGAACGTCTAGTGGATAAAGAGG CTGGCCCCT
TGACTAGCAGTAGGAACAATTACTAACAAATCAGAAGCATTAATGTTACTTTATGGCAGA
AGTTGTCCAACTTTTTGGTTTCAGTACTCCTTATACTCTTAAAAATGATCTAGGACCCCC
GGAGTGCTTTTGTTTATGTAGCTTACCATATTAGAAATTTAAAACTAAGAATTTAAGGCT

1 ! O O O ! O O O GGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAC
TTGAGGCCAGAAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTATCTCTACTAARA

- - - ATACAAAAAATGTGCTGCGTGTGGTGGTGCGTGCCTGTAATCCCAGCTACACGGGAGGTG

S I I d e S I I ke t h I S O n e GAGGCAGGAGAATCGCTTGAACCCTGGAGGCAGAGGTTGCAGTGAGCCAAGATCATGCCA
CTGCACTCTAGCCTGGGCCACATAGCATGACTCTGTCTCAAAACAAACAAACAAACAARA

AACTAAGAATTTAAAGTTAATTTACTTAAAAATAATGAAAGCTAACCCATTGCATATTAT
CACAACATTCTTAGGAAAAATAACTTTTTH AACAAGTGAGTGGAATAGTTTTTACATT
TTTGCAGTTCTCTTTAATGTCTGGCTAAATAGAGATAGCTGGATTCACTTATCTGTGTCT
AATCTGTTATTTTGGTAGAAGTATGTGAAAAAAAATTAACCTCACGTTGAAAAAAGGAAT
ATTTTAATAGTTTTCAGTTACTTTTTGGTATTTTTCCTTGTACTTTGCATAGATTTTTCA
AAGATCTAATAGATATACCATAGGTCTTTCCCATGTCGCAACATCATGCAGTGATTATTT
GGAAGATAGTGGTGTTCTGAATTATACAAAGTTTCCAAATATTGATAAATTGCATTAAAC
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The basics

GCCCTGCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCACAATTTT
TCAAGCAAGGAAACGGGCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTA
CTGGAACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTGAAGTC
ATCCACAACCACACACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACA
GGTCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCG
TGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTG
GAGTAGGCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGTCAGCGA
GAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCC
TGACAAGGAATTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTGA
CTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGGCCAGCGCGGGCTT
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAARAAGAACTGCACCTC
TGGAGCGGGTTAGTGGTGGTGGTAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGT
CCAGCGTGGCGGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTTTG
TCTCTGCCAACCCCCACCCATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGC
CAAGCAAATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTCCCGCCTCCGGCCCGGCCT
TTGGGCTCCGCCTTCAGCTCAAGACTTAACTTCCCTCCCAGCTGTCCCAGATGACGCCAT
CTGAAATTTCTTGGAAACACGATCACTTTAACGGAATATTGCTGTTTTGGGGAAGTGTTT
TACAGCTGCTGGGCACGCTGTATTTGCCTTACTTAAGCCCCTGGTAATTGCTGTATTCCG
AAGACATGCTGATGGGAATTACCAGGCGGCGTTGGTCTCTAACTGGAGCCCTCTGTCCCC
ACTAGCCACGCGTCACTGGTTAGCGTGATTGAAACTAAATCGTATGAAAATCCTCTTCTC
TAGTCGCACTAGCCACGTTTCGAGTGCTTAATGTGGCTAGTGGCACCGGTTTGGACAGCA
CAGCTGTAAAATGTTCCCATCCTCACAGTAAGCTGTTACCGTTCCAGGAGATGGGACTGA
ATTAGAATTCAAACAAATTTTCCAGCGCTTCTGAGTTTTACCTCAGTCACATAATAAGGA
ATGCATCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAA
ATTTTTAAGACACGCTGCAACAAAGCAGGTATTGACAAATTTTATATAACTTTATAAATT
ACACCGAGAAAGTGTTTTCTAAAAAATGCTTGCTAAAAACCCAGTACGTCACAGTGTTGC
TTAGAACCATAAACTGTTCCTTATGTGTGTATAAATCCAGTTAACAACATAATCATCGTT
TGCAGGTTAACCACATGATAAATATAGAACGTCTAGTGGATAAAGAGGAAACTGGCCCCT
TGACTAGCAGTAGGAACAATTACTAACAAATCAGAAGCATTAATGTTACTTTATGGCAGA
AGTTGTCCAACTTTTTGGTTTCAGTACTCCTTATACTCTTAAAAATGATCTAGGACCCCC
GGAGTGCTTTTGTTTATGTAGCTTACCATATTAGAAATTTAAAACTAAGAATTTAAGGCT

:l.,(:)(:)(:)’(:)(:)(:) GGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAC
TTGAGGCCAGAAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTATCTCTACTAAAA

- - - ATACAAAAAATGTGCTGCGTGTGGTGGTGCGTGCCTGTAATCCCAGCTACACGGGAGGTG

S I I d eS I I ke th IS O n e GAGGCAGGAGAATCGCTTGAACCCTGGAGGCAGAGGTTGCAGTGAGCCAAGATCATGCCA
CTGCACTCTAGCCTGGGCCACATAGCATGACTCTGTCTCAAAACAAACAAACAAACAAAA

AACTAAGAATTTAAAGTTAATTTACTTAAAAATAATGAAAGCTAACCCATTGCATATTAT
CACAACATTCTTAGGAAAAATAACTTTTTH AACAAGTGAGTGGAATAGTTTTTACATT
TTTGCAGTTCTCTTTAATGTCTGGCTAAATAGAGATAGCTGGATTCACTTATCTGTGTCT
AATCTGTTATTTTGGTAGAAGTATGTGAAAAAAAATTAACCTCACGTTGAAAAAAGGAAT

ATTTTAATAGTTTTCAGTTACTTTTTGGTATTTTTCCTTGTACTTTGCATAGATTTTTCA
AAGATCTAATAGATATACCATAGGTCTTTCCCATGTCGCAACATCATGCAGTGATTATTT
GGAAGATAGTGGTGTTCTGAATTATACAAAGTTTCCAAATATTGATAAATTGCATTAAAC

P2} Genes: from sequence to function
UNIL | Université de Lausanne



Some basic terms: Contig

?J 957, Your continued donations keep Wikipedia running! 2 Sign in / create account |
J article || discussion | | edit this page || history

& 2 r il ) Your continved donations keep Wikipedia running!

Contig

From Wikipedia, the free encyclopedia

J.-*_;n;_?

WIKIPEDIA

The Free Encyclopedia This article is about contig in DMA sequencing. For the contig defragmentation program, see
navigation Contig (defragmentation utility).
= Main pags In shotgun DMA sequencing projects, a contig (from configuous) is a set of overlapping DNA segments
= Contents derived from a single genetic source. A contig in this sense can be used fto deduce the eriginal DNA
= Featured content sequence of the source. This meaning of contfig is in accordance with the original definition by Staden
= Current everjts [1979].
= Random articls

A contig map depicts the relative order of a linked library of contigs representing a complete

ol chromosome segment.

= About Wikipedia

= Community portal Semantic drift [edit]

= Recent changes

= Contact Wikipedia The word contig is sometimes used to refer fo one segment of a contig in the eriginal sense.

= Donate to Wikipedia o ) .

= Help A contig is also sometimes defined as the DNA sequence reconstructed from a set of overlapping DNA
segments.

search

Fragmentation of a contig into 1-2kb pair segments provide suitable sized DNA segments for
| | sequencing. r

B8 Genes: from sequence to function

UNIL | Université de Lausanne




ome basic terms: Contig

= = = = = = = = = = = = = = = = = = = = = = =5 % & o &
- - - I T -~ T - S . S B B S A R T T
T - T T T R R B - B S T S S-S - B N - T T R T T
L O N N T N N T TN e e e
1n64d269.1.1
5399854
SA51355
S0E5210

I ssaaTad
e senze1
I s40e17s
T ss5anee
P sesess0
e sz 1110
P s+a0e40
e srzeadn
e ses10e
e seessas
P 41z 0es
e sssaee
e 107421
L TS
P s s 0
e 1074 e
I sasaads
e sssssss
P 1o7eazee
e gssssds
e sas1a0e
e szoeear1
e a1samaT
e sazzean
P sasa4se
P szeassae
P sassa1s

om sequence to function

UNIL | Université de Lausanne




WIKIPEDIA
The Free Encyclopedia

navigatian

= [lain page

= Contents

= Featured content
= Current events
= Random aricle

search
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interaction
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Some basic terms: RefSeq

Help us provide free content to the world by donating roday!

TryBeta 2 Log in/ create account

~ article || discussion |

| editthis page | | history

RefSeq

From Wikipedia, the free encyclopedia

This article does not cite any references or sources. Please help improve this article by adding
citations to reliable sources. Unsourced material may be challenged and removed. (Novemser 2008

&

Contents [hide]

1 Ref3eq categaries
2 References

3 2ee also

4 External links

5 Sources

il
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The Reference Sequence {RefSeq) database is an open access, annotated collection of publichy available nuclestide sequences (DMNA, RNA) and their
protein translations. This database is built by Mational Center for Biotechnology Infarmation (NCBI), and. unlike GenBank, provides only one example
of each natural biological molecule for major organisms ranging from viruses to bacteria to eukaryotes.

For each model organism, RefSeg aims to provide separate and linked records for the genomic DMA, the gene transcripts, and the proteins arising
from those transcripts. RefSeq is limited to major organisms for which sufficient data is available (more than 8,000 distinct “named” organisms as of
April 2008), while GenBank includes sequences for any organism submitted (approximately 250,000 different named organisms).
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This Is the RefSeq, based on contigs

GCCCTGCGGAGCAAGGTACCTCACACTTCATGAGCGAGTTAAGATGGGTTTCACAATTTT
TCAAGCAAGGAAACGGGCTCGGAGGTCTTGAACACCTGCTACCCAATAGCAGAACAGCTA
CTGGAACTAAAATCCTCTGATTTCAAATAACAGCCCCGCCCACTACCACTAAGTGAAGTC
ATCCACAACCACACACCGACCACTCTAAGCTTTTGTAAGATCGGCTCGCTTTGGGGAACA
GGTCTTGAGAGAACATCCCTTTTAAGGTCAGAACAAAGGTATTTCATAGGTCCCAGGTCG
TGTCCCGAGGGCGCCCACCCAAACATGAGCTGGAGCAAAAAGAAAGGGATGGGGGACTTG
GAGTAGGCATAGGGGCGGCCCCTCCAAGCAGGGTGGCCTGGGACTCTTAAGGGTCAGCGA
GAAGAGAACACACACTCCAGCTCCCGCTTTATTCGGTCAGATACTGACGGTTGGGATGCC
TGACAAGGAATTTCCTTTCGCCACACTGAGAAATACCCGCAGCGGCCCACCCAGGCCTGA
CTTCCGGGTGGTGCGTGTGCTGCGTGTCGCGTCACGGCGTCACGTGGCCAGCGCGGGCTT
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCACCTC
TGGAGCGGGTTAGTGGTGGTGGTAGTGGGTTGGGACGAGCGCGTCTTCCGCAGTCCCAGT
CCAGCGTGGCGGGGGAGCGCCTCACGCCCCGGGTCGCTGCCGCGGCTTCTTGCCCTTTTG
TCTCTGCCAACCCCCACCCATGCCTGAGAGAAAGGTCCTTGCCCGAAGGCAGATTTTCGC
CAAGCAAATTCGAGCCCCGCCCCTTCCCTGGGTCTCCATTTCCCGCCTCCGGCCCGGCCT
TTGGGCTCCGCCTTCAGCTCAAGACTTAACTTCCCTCCCAGCTGTCCCAGATGACGCCAT
CTGAAATTTCTTGGAAACACGATCACTTTAACGGAATATTGCTGTTTTGGGGAAGTGTTT
TACAGCTGCTGGGCACGCTGTATTTGCCTTACTTAAGCCCCTGGTAATTGCTGTATTCCG
AAGACATGCTGATGGGAATTACCAGGCGGCGTTGGTCTCTAACTGGAGCCCTCTGTCCCC
ACTAGCCACGCGTCACTGGTTAGCGTGATTGAAACTAAATCGTATGAAAATCCTCTTCTC
TAGTCGCACTAGCCACGTTTCGAGTGCTTAATGTGGCTAGTGGCACCGGTTTGGACAGCA
CAGCTGTAAAATGTTCCCATCCTCACAGTAAGCTGTTACCGTTCCAGGAGATGGGACTGA
ATTAGAATTCAAACAAATTTTCCAGCGCTTCTGAGTTTTACCTCAGTCACATAATAAGGA
ATGCATCCCTGTGTAAGTGCATTTTGGTCTTCTGTTTTGCAGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAA
ATTTTTAAGACACGCTGCAACAAAGCAGGTATTGACAAATTTTATATAACTTTATAAATT
ACACCGAGAAAGTGTTTTCTAAAAAATGCTTGCTAAAAACCCAGTACGTCACAGTGTTGC
TTAGAACCATAAACTGTTCCTTATGTGTGTATAAATCCAGTTAACAACATAATCATCGTT
TGCAGGTTAACCACATGATAAATATAGAACGTCTAGTGGATAAAGAGGAAACTGGCCCCT
TGACTAGCAGTAGGAACAATTACTAACAAATCAGAAGCATTAATGTTACTTTATGGCAGA
AGTTGTCCAACTTTTTGGTTTCAGTACTCCTTATACTCTTAAAAATGATCTAGGACCCCC
GGAGTGCTTTTGTTTATGTAGCTTACCATATTAGAAATTTAAAACTAAGAATTTAAGGCT
GGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCAC
TTGAGGCCAGAAGTTTGAGACCAGCCTGGCCAACATGGTGAAACCCTATCTCTACTAAAA
ATACAAAAAATGTGCTGCGTGTGGTGGTGCGTGCCTGTAATCCCAGCTACACGGGAGGTG
GAGGCAGGAGAATCGCTTGAACCCTGGAGGCAGAGGTTGCAGTGAGCCAAGATCATGCCA
CTGCACTCTAGCCTGGGCCACATAGCATGACTCTGTCTCAAAACAAACAAACAAACAAAA
AACTAAGAATTTAAAGTTAATTTACTTAAAAATAATGAAAGCTAACCCATTGCATATTAT
CACAACATTCTTAGGAAAAATAACTTTTT AACAAGTGAGTGGAATAGTTTTTACATT
TTTGCAGTTCTCTTTAATGTCTGGCTAAATAGAGATAGCTGGATTCACTTATCTGTGTCT
AATCTGTTATTTTGGTAGAAGTATGTGAAAAAAAATTAACCTCACGTTGAAAAAAGGAAT
ATTTTAATAGTTTTCAGTTACTTTTTGGTATTTTTCCTTGTACTTTGCATAGATTTTTCA
AAGATCTAATAGATATACCATAGGTCTTTCCCATGTCGCAACATCATGCAGTGATTATTT
GGAAGATAGTGGTGTTCTGAATTATACAAAGTTTCCAAATATTGATAAATTGCATTAAAC
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DNA variations

e Mutations
e Rare variants
e Polymorphisms

e Classically:
— Silent changes (isocoding changes) [TGT > TGC, or Cys=>Cys]
— Missense changes [TGT = TGG, or Cys>Trp]
— Nonsense changes [TGT > TGA, or Cys>End]
— Others [for example: TGT > TG-, or Cys>fs]

M_ k) Genes: from sequence to function
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Mutations

e Rare DNA changes (<1% allele frequency) that are
associated to a (deleterious) phenotype

M_ pd0) Genes: from sequence to function
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Rare variants or rare changes

e Rare DNA changes (<1% allele frequency) that are
usually neutral

M_ il Genes: from sequence to function

UNIL | Université de Lausanne




Polymorphisms

e Common DNA changes (=1% allele frequency)

e They are responsible for common phenotypic
variations

e They include several kinds of DNA changes
— Short tandem repeats (STRs or microsatellites)
— Single-nucleotide polymorphisms (SNPs)
— Polymorphic microdeletions or microinsertions
— Copy number variations (CNVSs)
— Other changes

M- 22
UNIL | Université de Lausanne



Microsatellites
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CACACA

CACACACA 3.4
CA

CACACACA 1.4
CA

CA 1,1

M- 23
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Microsatellites
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PCR prpducts
M: 240,230 §260,190§ 240,190f 260,240} 260,23 230,190 §260,240§ 240,190

M, M”, M, M = alleles of M

© Memorial University of Newfoundland
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SNPs

G

AACGAATCCAC

1 .

------lf:- SNP xﬁ:p--------------
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Microdeletions or microinsertions

AGTGCTTGCAACTGACTAC
AGTGCTT--AACTGACTAC

AGTGCTTGCAACTGACTAC
AGTGCTTGCCAACTGACTAC
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CNVs

|
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DNA Markers

e DNA markers are sequences on the DNA that are
variable and easily recognizable

e Usually, DNA markers are used as tools for genetic
Investigations

e |In principle, any detectable polymorphism can be a
DNA marker, but mostly only SNPs and
microsatellites are used.

UNIL | Université de Lausanne




Important note: from now on, only Mendelian
characters are considered...

...and human genetic diseases are taken as example.

HOWEVER

the notions outlined here are in principle valid for
other traits, other organisms, and other phenotypes

M_ pd?) Genes: from sequence to function
UNIL | Université de Lausanne




Autosomal Dominant Autosomal Dominant
(reduced penetrance)

3=l O oot
+i+ [:T—-ll- Al+ _9- +1-'+2+91 Alt, _-Ea-2
* O * O
E—_ Al+  +l+ +|;"}2_ Al ol
OmOe DOm0 o
+H+ A+ H+ A+ +yl4y Al o+, Al
Autosomal Recessive Mitochondrial (maternal)

S = e
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Microsatellite mapping

2 6 Xy
251 249
108 106
197 197
100 96
3 13 312 315
._ O D11S1363
249 249 251 |249 249 251
122 106 108 1120 114 110 D1184O46 «— N 1 B
209 197 197 |209 209 205 D11S4146 Q
83 96 100 |83 100 96
D11S1760
4 14 4_15
251 1249 251 1249
108 |114 108 108
197 |209 197 (197
100 100 100 {100
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Microsatellite mapping

2 207 D3S1609
288 291 D3S].2774_ sSC
D3S3521

{ 3 13 312 3 15 \

266 262 266 @ 262 251 262
301 297 301 @ 297 297 295
288 300 288 296 300 288

4 14 i4_15

266 262 266 262

301 295 301 295

288 288 288 288
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Let’s get (finally) started

e \We got the sequence: now what?

e The identification of human disease-genes is taken

as an example of experimental annotation of the
raw DNA primary sequence

e A few cases are provided, to illustrate various real-
life possibilities

UNIL | Université de Lausanne
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Genes: from sequence to function

From: Strachan and Read
Human Molecular Genetics



Position-independent gene identification
[1. Starting from the protein product]}

e |t Is mostly a pre-genomic strategy, relying on
protein information and on biochemical notions

e The most famous example is Sickle Cell Anemia,
where hemoglobin was shown to be different in

patients vs. controls (1949)
a A

G} Sichle Cedl Trat

Yoy -

by Eachks Cell Anamia d} S0-50 Mxlure of o) ond B)

e Obviously, the genetic defect should lie in the DNA
encoding for the globins
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Position-independent gene identification
[1. Starting from the protein product]

e Classically, the identification of the gene, starting
from the protein sequence, was obtained by
reverse-translation of the aa sequence, followed by
Southern blot

B 22
A A A A A
A C C C c c
Codon C € ¢ C G G G A ACG cC ¢ G
permutations CAU UAU UUU AUU GCU GCU GUU GAG CAG UUU UGG GAU UAU GGU AUG
i [HisHTyrHPhel{ lle HAaHAlaHValHGluH GinHLeu[{Trp HAspH Tyr H Gly Mt
aci
sequence
A c A
Primary 3 GTG ATG AAG TAA CGA CGA CAC CTT GTC GAC ACC CTG ATA COG TAG &
oligo probe
A
c
A A, 5
prsgiertd ¥ ACC CTG ATG CCT TAC &

From: Strachan and Read
Human Molecular Genetics
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Position-independent gene identification
[1. Starting from the protein product]

e Nowadays, we would BLAST public databases with
the sequence of interest...

e ..and the whole experimental strategy would last
only a few minutes

M_ k¥4 Genes: from sequence to function
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Position-independent gene identification
[2. Starting from an animal model]

e Another (relatively rare) possibility comes from the
Identification of the gene in a mouse model and
subsequent identification in another species (e.g.
human)

e Again, in the past this was done with DNA probes.
Today, we would again use BLAST.
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Position-independent gene identification
[3. The “candidate gene” approach]

The choice of candidates is based on:

. Tissue specificity and abundance

. Chromosomal location

. Sequence information and length

. Similarity to other known disease-causing genes
. Other characteristics (gene expression, etc.)

UNIL | Université de Lausanne




Position-independent gene identification
[3. The “candidate gene” approach]

The candidate gene approach represents a very
powerful gene identification system. It is applied
when all of the following conditions are fulfilled:

. The phenotype is genetically heterogeneous

. The molecular mechanisms determining the
phenotype are known

. The sequence of the candidate gene is known
. Large cohorts of unrelated individuals are available

UNIL | Université de Lausanne




Position-independent gene identification
[3. The “candidate gene” approach]

Recessive retinitis pigmentosa genes (% of cases)

BBS1 + BBS2 + BBS4 +
BBS7 + MKKS = 8%

MYO7A 6%
USH2A 20% j

PDEG6B 4%

PDEGA 3%
RPEG5 2%

CNGA1l 2%
CNGB1 1%
ABCA4 1%

CRB1 1%
LRAT 1%
MERTK 1%
TULP1 1%
RHO 1%
RLBP1 1%
’ SAG <1%

RGR 0.5%
NR2E3 0.25% USH1D 0.25%

Unknown
45%

The phenotype is genetically heterogeneous

M_ .8 Genes: from sequence to function
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Position-independent gene identification
[3. The “candidate gene” approach]

The molecular mechanisn~s determining the phenotype are known

[ Recov. [Ca)
b c
: v d ! ab .
Copyriht @ 1999, 1.0 Brien, Dept, of Op hihulmology & Viewal S ciencs, .
Umivers ity of Texas Health 5 cience Certer, Houston

(il iy Genes: from sequence to function
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Position-independent gene identification
[3. The “candidate gene” approach]

e The sequence of the candidate gene is known
e Large cohorts of unrelated individuals are available

Approx. B i ——EXxtract DN[\A

12000 patients

Fill 96-well plates
according to diagnoses

Detect sequence Analyze by DNA .— Amplify the sequence
changes sequencing of interest by PCR

N\

Perform co-seqregation analysis and screening of normal controls
to ascertain pathogenic changes

M_ ikey Genes: from sequence to function
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Position-independent gene identification
[3. The “candidate gene” approach]

| RPO1
M = Arg677Ter

. 35_;* :

1

¢ ¥
viﬁé@yﬂﬁgg_g@;'&ﬁ

-+ -/

4(55|j_:|-6 7?&:{

" Beu ) ONmION feWTO
+!+/M!M M/+ M/+ ++ MIM|| +/+ M/+ M/+ M/+ M/+
6886 7050 2480
M= Arg?63(4»bp del) M= Leu762(5-bp del) M= Leu762(5 bp del)

M/+| +/+
1 2 3 |4

Neln "’cbéb

+/+ Ma’+\+i+ M/+
1 ]2 |3

M/+ M/+ fW+

M/+ M+ M/+

M_ i¥iy  Genes: from sequence to function
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Position-independent gene identification
|3. The “candidate gene” approach]

Have the Do not have | Total
DNA change | the DNA
change
Patients 5 91 96
Controls 0] 200 200

Fisher's Exact Test p-value =0.003
Chi-Square Test p-value = 0.005

M_ i85y Genes: from sequence to function
UNIL | Université de Lausanne




Position-independent gene identification
|3. The “candidate gene” approach]

Have the Do not have | Total
DNA change | the DNA
change
Patients 5 91 96
Controls 3 197 200

Fisher's Exact Test p-value =0.117
Chi-Square Test p-value = 0.144

M_ if5y Genes: from sequence to function
UNIL | Université de Lausanne




Position-independent gene identification
[3. The “candidate gene” approach]

Further validation could include

. Biochemical analysis of recombinant protein
products carrying the detected variant (e.g.
phosphorylation assay for a wild-type vs. mutant
Kinase)

. Immunocytochemistry of the same (does the
recombinant protein de-localize?)

. Construction of animal models
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Positional cloning (position-dependent gene
iIdentification)
[Step 1: define the position]

e Several methods are possible:

1. Linkage and haplotype analyses (from families with
multiple affected individuals). This is the most used
method

2. Synteny maps
3. Chromosomal anomalies

M_ ik3y Genes: from sequence to function
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Positional cloning
[Step 1: define the position]

Linkage and haplotype analyses

(A) (B)
I I

1 2 3
| O e o E e =
1 2 3 4 58 7 1 2 3 4
ezl =210 el [z E 07 [2 1] (el (2]s8e  [a]l[ia] [a]l[ia] [e]|[5] 2] o] s8¢
sllsllisllzl|sllalisllzlllella| |Bl|alls5||2|5/@5 |(a||a| |alla| 3llal|2|]|3]|5105
dl1sll=211r0 121110121 Ella4 | (21218234 slle| |allz|le|ls]i{e|]|2]|sS234
gllzlliasllallsllalisllelllsllz]| |all3lleal|a|s5t28 |24 |2||3| 21l 14]|]|a]|s5129
gll11llz21tst sl iellsitl7lIs] 2|17}l |B|534 (7|11 |7/ls5] 7|11 |2]|]|5%]| 5354
zllelllz|l*l 1511501215 4ila||l4]| |2||5)|z||8|57@ 1w|lal| 1ollsl| (o7 13]|]|8]|579
‘0 @ B B
1 2 3 4
2| [e] [e]|[7 &l[3] [6][7]s84
zl186] |5]|]8 s118) |5 4] 5105
1113 |2]|]4 2118 |2|]| 4| 5234
all2l (6] 8 g||&)] |a|]l2|s129
2111l 2|l ®8 21l 7] 12| 5| 5354
2(1el lzl]2 211l |2|]| 4| 570

From: Strachan and Read
Human Molecular Genetics
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Positional cloning
[Step 1: define the position]

Synteny maps

From: Gregory et al. Nature 418:743-750

mu4 Hsab Mm
M_ ]0) Genes: from sequence to function
UNIL | Université de Lausanne




Positional cloning
[Step 1: define the position]

Chromosomal anomalies

A)

3 der(8)  der{1g) 16

From: Strachan and Read
Human Molecular Genetics

M_ 38 Genes: from sequence to function
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Positional cloning
|Step 2: define the genes within the interval]

e This is easy (in 2009): go to Ensembl, NCBI, UCSC’s
genomic browser, etc.

E '§§§§§§3 b NAV2 + OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11pl5.1 neuron navigator |
T Hg.152337
—’—"—'—_"Ezg?é% LOC100289464 + sv  dlevmm mRNA 11 hypothetical prote
- oo el LOC100289498 + sv  dlevmm mRNA 11 hypothetical prote
‘ t. DEX1 t HGNC svprdlevmmbm  SNP best RefSeq 11 developing brain t
! HTATIP2 + OMIMHGNC svprdlevmmhbmsts SNP best RefSeq 11 HIV-1 Tat interac
o - PRMT3 + OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11 protein arginine m
P 5. 154320 LOC645490 + svprdlevmmhm  SNP protein 11 similar to hCG19¢
R §
1y S |l SLC6AS + OMIMHGNC svprdlevmmhmsts SNP best RefSeq 11p15.2-p15.1 sclute carrier fami
o : % Eéiég% 1 ANO3 + OMIMHGNC svprdlevmmbhmsts SNP best RefSeq 11 anoctamin 5
B[S ’ GAS2 + OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11p14.3-pl5.2 growth arrest-spe
— e H=. 2l
: e —\ SVIP ' HGNC svprdlevmmbmsts SNP best RefSeq 11p14.2 small VCP/p97-it
Hries » 17 RPS2P38 ' HGNCsv dlevmm best RefSeq 11 ribosomal protein
LUZP2 + OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11 leucine zipper pro
= . FRfETEED LOCI100130747 ¢ sv  dlevmm best RefSeq 11 N-acetvlneuramin
asrdlLs_seaze. ; s l /r RPL36AP40 + HGNCsv dlevmm  sts best RefSeq 11p14.3 ribosomal protein
1 i ANO3 + OMIMHGNC svprdlevmmhbmsts SNP best RefSeq 11 anoctamin 3
- = He 444740 2 MUCI1S t+ OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11pl14.3 mucin 15, cell sur;
26m ’ 591791 . SLC5A12 t+ OMIMHGNC svprdlevmmhbm  SNP best RefSeq 11 solute carrier fami
] / st FIBIN ' HGNC svprdlevmmbmsts SNP best RefSeq 11 fin bud initiation &
11pid.2 5.
4 //éﬁﬁéz , BBOX1 + OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11 butyrobetaine (ga
% s CCDC34 + OMIMHGNC svprdlevmmbmsts SNP best RefSeq 11 coiled-coil domais
- = 6E57E4
. M;gggé? /- LGR4 t OMIMHGNC svprdlevmmhmsts SNP best RefSeq 11pl4-pl3 leucine-rich repea
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Positional cloning
| Step 3: prioritize the candidates]

e |ldeally, one should “prioritize” the genes to be
screened, among all those that are present in the
Identified interval

e The procedure is technically called “target
prioritization” and is more or less the same as the
one described previously for the candidate gene
approach
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Positional cloning
| Step 4: obtain the template DNA]

To screen for mutations, it iIs necessary to obtain
enough DNA from patients, also in a suitable form
for sequencing. This is achieved by either:

. Library screening (old-fashioned, time consuming)
. Exon PCR

. Long-range PCR

. Microarray-based sequence capture (since 2008!)

L7

UNIL | Université de Lausanne




Positional cloning
| Step 4: obtain the template DNA]

Library screening

-

e Jeuy
CLEAVEWITH  \\{Z)2f J
? RESTRICTION '\
NUCLEASE -
millions of genomic
human DNA DNA fragments

DNA FRAGMENTS
I INSERTED INTO PLASMIDS
USING LIGASE

O O recombinant

C% " DNA molecules
INTRODUCTION OF
PLASMIDS INTO BACTERIA

BU0A0O

genomic library

Fiaue 1023 Essenal ooy 26 0ot caransseeree) | M tations: VERY time-consuming

M_ Ye) Genes: from sequence to function
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Positional cloning
| Step 4: obtain the template DNA]

Exon PCR

Genomic DNA P —— — e —

o
MRNA transcripts{._h_h_ _/E

TR S —" , TR——

=" B — =

PCRs e e e e

Advantages: relatively quick processing
Limitations: only exons are screened

M_ 8]s) Genes: from sequence to function
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Positional cloning
| Step 4: obtain the template DNA]

Long-range PCR

Genomic DNA - — — —

: —/\‘/\l—/\\_/\\—
MRNA transcrlpts{.. —

Long-range PCRs

M_ Y4 Genes: from sequence to function
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Positional cloning
| Step 4: obtain the template DNA]

Microarray-based segquence capture

e L
N 1l
| RO 1 e
IO

Advantages: large-scale approach
(hundreds of genes can be investigated

Limitations: many false positives

M_ sYs) Genes: from sequence to function
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Positional cloning
|Step 5: Find the DNA variants, etc.]

e Once It has been obtained, the template DNA is
sequenced and the results analyzed as described
previously for the candidate gene approach

(cosegregation analyses, statistical test, functional
tests, etc.)

M_ 8Y2) Genes: from sequence to function
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